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Historically, Iowa’s landscape consisted of prairies, forests, and wetlands with meandering streams integrated
throughout (Hewes 1950). The arrival and subsequent settlement of European immigrants began a long
process of altering the landscape to help meet human needs. Cultivating row crops in Iowa became a popular
and successful venture for many as the flat, fertile ground of the Midwestern United States provided a great
opportunity for farmers (Easterlin 1976). Early Iowa farmers began to drain wetlands, cut down forests,
remove prairies, and replace them with crop fields (Gallant et al. 2011). As the technology of farming
practices improved and operations became larger, streams were altered to aid in irrigation, removal of excess
water from fields, and flood control (Iowa Department of Natural Resources 2015b). Portions of streams that
once meandered through the forest were straightened and redirected between crop fields. Across Iowa, fast
moving riffles and slow pools were replaced by stretches of run habitat (Iowa Department of Natural
Resources 2015b). These habitat alterations negatively impacted many fish species (Hughes et al. 1990;
Gallant et al. 2011).
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Background 
Historically, Iowa’s landscape consisted of prairies, forests, and wetlands with meandering streams 
integrated throughout (Hewes 1950). The arrival and subsequent settlement of European immigrants 
began a long process of altering the landscape to help meet human needs. Cultivating row crops in Iowa 
became a popular and successful venture for many as the flat, fertile ground of the Midwestern United 
States provided a great opportunity for farmers (Easterlin 1976). Early Iowa farmers began to drain 
wetlands, cut down forests, remove prairies, and replace them with crop fields (Gallant et al. 2011). As 
the technology of farming practices improved and operations became larger, streams were altered to 
aid in irrigation, removal of excess water from fields, and flood control (Iowa Department of Natural 
Resources 2015b). Portions of streams that once meandered through the forest were straightened and 
redirected between crop fields. Across Iowa, fast moving riffles and slow pools were replaced by 
stretches of run habitat (Iowa Department of Natural Resources 2015b). These habitat alterations 
negatively impacted many fish species (Hughes et al. 1990; Gallant et al. 2011).   
One fish species that has been negatively affected by habitat degradation in Iowa is the Topeka shiner 
(Notropis topeka). The Topeka shiner is a small cyprinid identified by its silver to olive color with a dusky 
stripe along its side and a black chevron shaped wedge at the base of the caudal fin. Mature males 
develop red-orange fins during breeding season (Pflieger 1997). Once an abundant resident of streams 
in Iowa, Kansas, Minnesota, Missouri, Nebraska, and South Dakota (Lee et al. 1980), the Topeka shiner 
has experienced declines over recent decades and was listed as a federally endangered species in 1998 
(USFWS 1998). This species is most commonly found in slow moving runs and pools of small, clear 
headwater streams (Pflieger 1997). A factor contributing to the decline of Topeka shiners is the 
straightening, or channelizing, of the small streams it inhabits (Wall et al. 2004; Missouri Department of 
Conservation 2012; Panella 2012). Channelizing often removes pool habitats, increases stream velocity, 
and increases sedimentation (Brookes et al. 1983) which decreases available habitat in which Topeka 
shiners are commonly found (Pflieger 1997). Channelization also removes, or makes inaccessible, off-
channel oxbow habitats and reduces the likelihood of new oxbows forming through a stream’s natural 
meandering process (Kenney 2013). Because Topeka shiners are often found in oxbows, these habitats 
are considered important for the species’ success (Dahle 2001; Hatch 2001). 
Several studies have been conducted in the last two decades building our understanding of landscape 
and habitat level factors and their effects on fish assemblages of small wadeable Iowa streams. Rowe et 
al. (2009a, b) studied landscape and land use factors, their effect on physical habitat, and the resulting 
effects on fish assemblages. They determined that landscape factors directly affect physical habitat 
which, in turn, directly affects fish assemblages. However, they conclude that landscape factors tended 
to have an indirect relationship with fish assemblages. Another study by Sindt et al. (2012a, b) evaluated 
the habitat associations of seven of Iowa’s stream fish species of greatest conservation need (SGCN; 
Iowa Department of Natural Resources 2015b). They determined that the most influential habitat 
variables for predicting presence are species specific and that measuring variables at multiple spatial 
scales provided the best results for their model. Bakevich et al. (2013, 2015) examined habitat and fish 
assemblage associations of Topeka shiners. They determined that the presence of fathead minnows 
(Pimephales promelas), submerged vegetation, oxbows, and fish assemblages comprised of lentic 
species were positively associated with Topeka shiner presence and abundance. 
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The Boone River Watershed (BRW) has been highly modified over many decades to improve crop 
production and control flooding (Blann 2008). The alteration of streams and surrounding riparian areas 
has led to decreases in the abundance and ranges of several fish species on Iowa’s Species of Greatest 
Conservation Need (SGCN) list, several of which occur in the BRW  (Sindt et al. 2012; Iowa Department 
of Natural Resources 2015b; Table 1). Following the listing of the Topeka shiner as a federally 
endangered species in 1998, efforts began to prevent further decline in these watersheds. To increase 
the chances of a Topeka shiner recovery, multiple institutions including the United States Fish and 
Wildlife Service (USFWS), Iowa Department of Natural Resources (IDNR), The Nature Conservancy (TNC), 
Iowa Soybean Association (ISA), Sand County Foundation (SCF), and the USDA Natural Resources 
Conservation Service (NRCS) have been restoring old, silted-in oxbows remnants. To date, 17 oxbows 
have been restored with five scheduled restorations for the fall/winter of 2016, and an additional 137 
potential restoration sites have been identified in the BRW. 
The restoration process involves dredging out soil down to the level of the old stream bed, which allows 
for a groundwater reconnection from the stream to the oxbow and creates a deeper oxbow with greater 
potential to hold water in drought periods and support fish (Kenney 2013). Although anecdotal 
information suggests that Topeka shiners use restored and naturally occurring, unrestored oxbows, little 
is known regarding what characteristics of oxbows and their surrounding areas are associated with their 
presence and survival. A better understanding of associations between Topeka shiners and oxbow 
characteristics could help guide the restoration process to improve suitability and increase the chance of 
utilization by Topeka shiners. A better understanding of associations between Topeka shiners and in-
stream characteristics is also important, as the species can potentially move between oxbows, requiring 
the use of a stream. Furthermore oxbow restoration may not only benefit Topeka shiners, but also other 
SGCN. Thus, a better understanding of these same associations for other rare species would be 
beneficial as well.  
In addition to creating usable habitat for many types of wildlife, restorations can influence the water 
chemistry of neighboring streams. Some restorations incorporate the addition of tile drain from nearby 
crop fields to drain effluent water, often high in excess fertilizer-derived nutrients, into the oxbow as 
opposed to the stream (Jones 2013). Although the level of connectivity between tile drain and oxbow 
varies among restorations, water quality monitoring has demonstrated the ability of oxbows to 
sequester 37% of incoming nitrogen and 56% of phosphorus (Jones 2013). These reductions improve the 
quality of water in the adjacent stream section because a portion of the nutrient run-off is essentially 
absorbed by the oxbow. The addition of a tile drain also provides an augmented source of water, further 
reducing the chance of a summer or winter kill. Like other SGCN, Topeka shiners are susceptible to poor 
water quality created by excess nutrients in agricultural runoff (Wall et al. 2004; Missouri Department of 
Conservation 2012; Panella 2012), and it is unclear to what extent tile drain connections can affect 
oxbow populations of these species. Water quality data is collected by TNC and ISA personnel from a 
subset of restored BRW oxbows that can be used to assess the effects, if any, of tile drains on the fish 
community. Evaluating whether tile drains have some influence on the fish community of oxbows is 
important because of the ongoing restoration process in the BRW. 
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Work in the BRW to enhance understanding about the federally endangered Topeka shiner (Notropis 
topeka) has been occurring for several years and includes contributions from many agencies including: 
the United States Fish and Wildlife Service (USFWS), Iowa Department of Natural Resources (IDNR), The 
Nature Conservancy (TNC), Iowa Soybean Association (ISA), Sand County Foundation (SCF), the USDA 
Natural Resources Conservation Service (NRCS), Iowa State University (ISU), and the Iowa Cooperative 
Fish and Wildlife Research Unit (ICFWRU) among others. Much of this work involves the restoring of 
silted in off-channel oxbows to potentially increase the amount of suitable Topeka shiner habitat in the 
watershed. Iowa State University and Iowa Cooperative Fish and Wildlife Research Unit personnel have 
monitored these efforts in the past and continue their research with the current project, carried out by 
graduate student Nick Simpson. Nick’s thesis work will include sampling fish assemblages and measuring 
habitat characteristics of in-stream and oxbow habitats in the BRW (Appendix).  
 
Objective 1: Monitor fish assemblages and habitat conditions in two streams in the Boone River 
Watershed (BRW); White Fox Creek and Eagle Creek. 
Fish Sampling 
Fishes are sampled with two gear types: electrofishing and seining. At stream sites, we first make a 
single pass upstream with DC electrofishing using enough power to sufficiently stun fish. All fish are 
netted and placed in the live well. A generator powered barge electrofishing unit (ETS Electrofishing 
Systems LLC, Madison, WI USA) is used in larger streams and a battery-powered backpack electrofishing 
unit (Model LR-20; Smith Root Inc., Vancouver, WA USA) is used in smaller, shallower streams too small 
for a barge unit. Following electrofishing, select portions of each stream site are seined (4.6 x 1.8m or 
10.7 x 1.8m, 6.35mm mesh). The two collection methods help increase the probability that all species 
present are detected. 
Oxbows are sampled via bag seine only (10.7 x 1.8m or 17.1 x 1.8m, 6.35mm mesh), following the 
protocol of Bakevich et al. (2013). Oxbows tend to have soft, mucky substrates and no flow. Thus, 
electrofishing would not be an efficient method for sampling oxbows due to high turbidity caused by 
walking in them. When possible, three passes are made through the whole wetted area of the oxbow 
with the bag seine in an attempt to collect all fish present and to allow for depletion population 
estimates.  
At both stream and oxbow sites, total lengths are taken of any Topeka shiners and game fish (as 
determined by the Iowa DNR: black crappie (Pomoxis nigromaculatus), white crappie (Pomoxis 
annularis), bluegill (Lepomis macrochirus), pumpkinseed (Lepomis gibbosus), rock bass (Ambloplites 
rupestris), largemouth bass (Micropterus salmoides) smallmouth bass (Micropterus dolomieu), channel 
catfish (Ictalurus punctatus), flathead catfish (Pylodictis olivaris), walleye (Sander vitreus), yellow perch 
(Perca flavescens), and northern pike (Esox lucius)). All fish are identified to species in the field, if 
possible, and counted. Voucher specimens are collected for individuals unable to be identified in the 
field and preserved in 90% ethanol to be identified in the lab. Any abnormalities to fish (i.e., tumors, 
lesions, parasites, etc.) are noted. 
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Water Quality and Habitat Sampling 
Water quality measurements for both stream and oxbow sites consist of temperature (°C), dissolved 
oxygen (mg/L), conductivity (mS/cm) (Yellow Springs Instruments, Professional Series model 2030), and 
pH (Thermo Fisher Scientific, model pHTestr 10). Turbidity (NTU) is measured using a Hach 2100Q 
portable turbidimeter. These measurements are taken before any fish or habitat data are collected to 
minimize contamination. 
Habitat characteristics are measured following a slightly modified version of the Iowa Department of 
Natural Resources wadeable streams procedure (Iowa Department of Natural Resources 2015a). At 
stream sites, each sampling reach consists of ten equally spaced transects where measurements are 
taken (Figure 1A). At each transect, a tape measure is stretched across to obtain a wetted width (Figure 
1B). Next, depth (m), velocity (m/sec), and substrate type are determined at 10, 30, 50, 70, and 90% of 
the width (Figure 1C). Stream velocity is measured using a Marsh McBirney Flow-mate 2000 flow meter 
at 60% of the depth if <0.75m or 20% and 80% of the depth and averaged if ≥0.75m. Measurements 
taken at each bank of each transect include bank angle by clinometer and percent bare stream bank by 
visual estimate (Figure 1D) as well as canopy cover by spherical densitometer facing upstream (Figure 
1E). Density of in-stream cover (i.e., macrophytes, filamentous algae, woody debris, tree roots, boulders, 
over-hanging banks, under-cut banks, and artificial structure) is measured by visual estimate within an 
area 5m upstream and 5m downstream of each transect line. Estimates are recorded as either absent 
(0%), sparse (<10%), moderate (10-40%), heavy (40-75%), or very heavy (>75%; Figure 1F). 
Two mini-transects are located at 33% and 67% of the distance between two transects (Figure 1G). At 
mini-transects, thalweg depth is measured and presence of soft or small sediment (e.g., fine gavel, sand, 
silt, clay, and muck) is determined. Macrohabitat is characterized at each transect and mini-transect as 
pool, riffle, or run. For the purposes of this study we use the following definitions for each macrohabitat 
as described by Sponholtz and Rinne (1997). Pools are described as typically being the deepest sections 
of a stream and having little or no surface velocity. Pools tend to have fine gravel, sand, and silt 
substrates. Riffles are defined as shallow, swift areas with a large amount of surface turbulence. Riffles 
tend to have larger gravel and cobble substrates with boulders commonly present. Runs are typically 
described as being deeper and slower than riffles and shallower and swifter than pools. Gravel, cobble, 
and sand are common substrates of run macrohabitats.  
Riparian vegetation is visually estimated at transects 1, 5, and 10 in an area 5m upstream and 
downstream and 10m out into the riparian area from each transect (Figure 1H). Type (i.e. deciduous, 
coniferous, broadleaf evergreen, mixed, or none) and density of vegetation is estimated for the canopy 
(>5m), understory (0.5-1.5m), and ground cover (<0.5m) on each bank and recorded as either absent 
(0%), sparse (<10%), moderate (10-40%), heavy (40-75%), or very heavy (>75%). Last, we assess any 
human influence to the area and its proximity to the stream at transects 1, 5, and 10. Human influences 
examined are walls/dams, buildings, confinement operations, open feedlots, pavement, roads/railroads, 
pipes, landfills, parks/lawns, row crops, range/pastures, logging activity, and mining activity. Each 
human influence category is recorded as not present (0), on the bank (B), within 10m of the stream (C), 
between 10-30m from the stream (D), or greater than 30m from the stream (P).  
At oxbow sites, three transects are located at 25, 50, and 75% of the length of the oxbow (Figure 1A). 
The same measurements and bank characteristics are taken at oxbow transects as are at stream 
transects with the exception of velocity. There are no mini-transects at oxbows because they are 
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generally uniform in depth and substrate (Bakevich 2012). The same riparian vegetation estimates and 
human influence measures are also recorded at oxbow sites. 
Accomplished to Date 
In the 2016 field season, 44 sites, including 27 in-stream reaches and 17 oxbows, were sampled in the 
BRW (Figure 2). In addition to 17 sites on White Fox Creek and 13 sites on Eagle Creek, we also sampled 
10 sites on Prairie Creek, 2 sites on Lyons Creek, and 1 site each on Buck Creek and Brewers Creek. A 
total of 66,140 fish including 46 species were sampled. The five most abundant species were fathead 
minnow, common shiner, black bullhead, green sunfish, and orangespotted sunfish. The five most 
commonly occurring (# sites present/total # sites) species were green sunfish, creek chub, common 
shiner, white sucker, and bluntnose minnow. Abundance and percent occurrence of all species sampled 
are listed in Table 1. Habitat assessments were also performed at each of these sites. Dozens of habitat 
variables were measured or visually estimated in each habitat assessment (Table 2). Each of these 
variables have been used in the evaluation of habitat characteristics associated with the presence of 
Topeka shiners as described for Objective 2 below. 
To be Completed 
We will be sampling throughout the watershed again in 2017 beginning approximately when classes end 
and technicians are available for the summer field season. 
 
Objective 2: Assess these streams’ potential as Topeka shiner population sources and conduits for 
associated oxbow habitat. 
Accomplished to Date 
Of the 44 total sites in the BRW, Topeka shiners were sampled at 14 (32%). This includes 8 in-stream 
reaches and 6 oxbows. Topeka shiners were sampled at 6 Eagle Creek sites and 8 Prairie Creek sites. 
Topeka shiner abundance at sites where they were sampled ranged from 1-238 with a mean of 44 and 
median of 18 per site. Overall, 618 Topeka shiners were sampled in the BRW in 2016, making them the 
15th most abundant and 22nd most commonly occurring species in our sampling. Topeka shiner presence 
in Prairie Creek was surprisingly consistent because there were only two detections of Topeka shiners in 
this HUC 10 in two previous Iowa State University stream fish studies (Menzel and Clark 2002; Bakevich 
et al. 2015) since 1997. Despite being our most sampled stream, we did not sample any Topeka shiners 
in White Fox Creek or any of its associated oxbows. Building on previous work done in the BRW (Loan-
Wilsey et al. 2005; Menzel and Clark 2002; Bakevich et al. 2015) we have created Table 3, which lists the 
presence or absence of Topeka shiners in HUC 10 watersheds from the current study, previous studies, 
and a historic fish database. Also included in this table is a suggested status label of Topeka shiners in 
each HUC 10 as determined by their presence or absence over time. It is noteworthy that what 
appeared to be a precipitous decline in Topeka shiner occurrence in BRW HUC 10 watersheds in the 
2010-11 study may have slowed or even reversed, although another year of data collection will be 
necessary to be certain. 
To date, a total of 50 habitat variables have been considered in analyses to evaluate for positively 
associated habitat characteristics with Topeka shiner presence (Table 2). Each site has a value for each 
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variable, many of which are site averages. Wilcoxon Rank Sum tests were performed to test for 
statistically significant (α=0.05) differences between the median values of sites where Topeka shiners 
were present and sites where they were absent. Wilcoxon Rank Sum tests are displayed with boxplots 
below (Figure 3). We also ran these data through a binary logistic regression model (0=no Topeka 
shiners present, 1=Topeka shiner(s) present) to test for habitat variables that have a positive influence 
on Topeka shiner presence (α=0.05). Logistic regressions are displayed with a probability curve over 
frequency histograms below (Figure 3). These tests were run on all sites combined as well as stream 
sites and oxbow sites individually. 
Overall, the two methods of analysis produced similar results. The following are situations in which the 
two methods both produced a p-value of <0.05. Using all stream and oxbow sites combined brought 
about 10 habitat characteristics with statistically significant results. These results show that Topeka 
shiners were more likely to be present at our sampling sites with higher temperature; higher pH; higher 
turbidity; wider average transects; less canopy cover; and less woody vegetation at the ground cover, 
understory and canopy levels. Using just oxbow sites resulted in just one statistically significant variable. 
Topeka shiners were more likely to be present at our oxbow sites with wider average transect widths. 
Using just stream sites results in 6 statistically significant variables. Topeka shiners were more likely to 
be present at our stream sites with higher conductivity; more submerged macrophytes; less small 
woody debris; less canopy cover; less woody vegetation at the ground cover level; and higher 
percentages of sand substrates.  
An interesting outcome of our results so far is that many of the variables associated with Topeka shiner 
presence are related to the absence of trees and associated woody debris. Similarly, Bakevich et al. 
(2013) documented reduced tree canopy at both stream and oxbow sites where Topeka shiners were 
present relative to where they were absent. Bakevich et al. (2013) also found positive relationships 
between submerged vegetation and sand substrate with Topeka shiner presence, as were evident in our 
stream sites.  
To be Completed 
We will continue analysis of data from 2016 and add data from 2017 to the analysis. 
 
Products 
Three short popular-type articles were submitted to newsletters for publication in early 2017: 
Zambory, C., A. Bybel, and N. Simpson. 2017. A multifaceted approach to Topeka shiner research in 
Iowa. Getting Into Soil And Water 2017, Iowa Water Center and Soil & Water Conservation Club, 
Iowa State University. 
Simpson, N. 2017. Working with an endangered Iowa fish. Boone River Watershed Newsletter.  
Simpson, N., Zambory, C., and A. Bybel. 2017. A team effort in Topeka shiner research. Fishers & 
Farmers Partnership Newsletter. 
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Anticipated activities for 2017 
A presentation of preliminary results will be given at regional and local conferences, such as the 
Midwest Fish and Wildlife Conference and Iowa American Fisheries Society Conference, in early 2017. 
We are also planning to attend a field day put on by BRW partners aimed at building landowner interest 
in oxbow restoration throughout the watershed. This event will hopefully have a large audience of 
landowners who could potentially become interested in a restoration on their property.  
We expect to resume our stream and oxbow sampling in late spring and continue through the summer 
of 2017.  We intend to revisit a subset of sites from the 2016 field season which held Topeka shiners as 
well as add many new sampling sites to our study. We would like to do some sampling in areas we did 
not sample in 2016. These areas could include Otter Creek and its two restored oxbows, Ditches 3 and 
19 to the west of Eagle Grove which are designated critical habitat for Topeka shiners, as well as the 
headwaters of the Boone River HUC 10. Expanding our sampling locations will provide the best 
opportunity to detect remaining Topeka shiner populations in the watershed. 
We will continue to gather habitat data in 2017 and add new sites and combinations of variables to our 
models to see if the trends noted above continue and if others appear. We will also begin to incorporate 
biotic variables such as presence of species, biotic integrity, non-native and species of greatest 
conservation need in our models to evaluate relationships with Topeka shiners and restoration 
activities. 
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Table 1. Abundance and percent occurrence of fish species sampled in the BRW during 2016.  
Species Scientific name Total % occurance 
Fathead Minnow Pimephales promelas 27742 47.73 
Common Shiner Luxilus cornutus 8258 84.09 
Black Bullhead Ameiurus melas 6002 45.45 
Green Sunfish Lepomis cyanellus 4905 93.18 
Orangespotted Sunfish Lepomis humilis 2859 61.36 
Common Carp Cyprinus carpio 2141 25.00 
Creek Chub Semotilus atromaculatus 2068 86.36 
Bluntnose Minnow Pimephales notatus 2065 70.45 
Sand Shiner Notropis stramineus 1312 63.64 
Bigmouth Shiner Notropis dorsalis 1309 63.64 
White Sucker Catostomus commersoni 1144 77.27 
Hornyhead Chub Nocomis biguttatus 946 68.18 
Central Stoneroller Campostoma anomalum 887 65.91 
Rosyface Shiner Notropis rubellus 636 61.36 
Topeka Shiner Notropis topeka 618 31.82 
Johnny Darter Etheostoma nigrum 509 61.36 
Brook Stickleback Eucalia inconstans 417 25.00 
Blacknose Dace Rhinichthyes atratulus 406 40.91 
Brassy Minnow Hybognathus hankinsoni 253 22.73 
Golden Redhorse Moxostoma erythurum 231 50.00 
Largemouth Bass Micropterus salmoides 229 27.27 
Northern Rock Bass Ambloplites rupestris 191 52.27 
Bluegill Lepomis macrochirus 135 15.91 
Banded Darter Etheostoma zonale 125 36.36 
Northern Hogsucker Hypentelium nigricans 103 34.09 
Golden Shiner Notemigonus crysoleucus 95 11.36 
Stonecat Noturus flavus 95 29.55 
Fantail Darter Etheostoma flabellare 89 27.27 
Spotfin Shiner Cyprinella spiloptera 86 36.36 
Smallmouth Bass Micropterus dolomieu 85 34.09 
Suckermouth Minnow Phenacobius mirabilis 43 25.00 
Shorthead Redhorse Moxostoma macrolepidotum 42 18.18 
Blackside Darter Percina maculata 27 20.45 
Yellow Bullhead Ameiurus natalis 21 22.73 
Channel Catfish Ictalurus punctatus 19 20.45 
Gizzard Shad Dorosoma cepedianum 11 4.55 
Quillback Carpsucker Carpiodes cyprinus 9 6.82 
Tadpole Madtom Noturus gyrinus 8 6.82 
Black Crappie Pomoxis nigromaculatus 3 2.27 
Highfin Carpsucker Carpiodes velifer 3 2.27 
Northern Pike Esox lucius 3 4.55 
White Crappie Pomoxis annularis 3 2.27 
Hybrid Sunfish Lepomis spp. 2 4.55 
Slender Madtom Noturus exilis 2 4.55 
Slenderhead Darter Percina phoxocephala 2 4.55 
Yellow Perch Perca flavescens 1 2.27 
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Table 2. Definitions of habitat variables measured.  
Habitat Variable Definition 
Oxbow or Stream Oxbow site (1) or stream site (2) 
Distance to stream Shortest distance to stream (oxbows only) 
Biodiversity Total number of different fish species present at a site 
Temperature Temperature reading measured once at each site 
Conductivity Conductivity reading measured once at each site 
pH pH reading measured once at each site 
DO Dissolved oxygen reading measured once at each site 
Turbidity Turbidity reading measured once at each site 
Avg Transect Width Wetted widths (m) at each transect averaged per site 
Avg Thalweg Depth Thalweg depths at each transect/minitransect averaged per site 
Min depth Minimum depth measured at a site 
Max depth Maximum depth measured at a site 
Flow Average flow velocity reading per site (streams only) 
Filamentous Filamentous algae long enough for fish cover; transect estimates averaged 
Macrophytes Submerged macrophytes providing fish cover; transect estimates averaged 
Woody debris Woody debris (>0.3m diam.) in the water; transect estimates averaged 
Small brush Woody debris (<0.3m diam.) in the water; transect estimates averaged 
Trees/roots Tree branches or roots in water; transect estimates averaged 
Overhanging banks Cliff-like eroded banks ; transect estimates averaged 
Undercut banks Banks that extend out over water near surface; transect estimates averaged 
Boulders Rocks larger than a basketball; transect estimates averaged 
Artificial structure Non-natural structure (tire, barrel); transect estimates averaged 
Depth/pool Pooled areas, very deep spots; transect estimates averaged 
Bank Angle Average of all bank angles at a site 
Bare Bank Average of all bare bank percentage estimates at a site 
Canopy Cover Average of all canopy cover measurements at a site 
Ground cover woody Density of woody vegetation <0.5m tall at transects averaged per site 
Ground cover non-woody Density of non-woody vegetation <0.5m tall at transects averaged per site 
Ground cover bare Density of bare ground at transects averaged per site  
Understory woody Density of woody vegetation 0.5-5m tall at transects averaged per site 
Understory non-woody Density of non-woody vegetation 0.5-5m tall at transects averaged per site 
Canopy Big trees Density of trees >0.3m DBH, >5m tall at transects averaged per site 
Canopy Small trees Density of trees <0.3m DBH, >5m tall at transects averaged per site 
%be Percentage of bedrock substrate records per site 
%ri Percentage of riprap substrate records per site 
%bo Percentage of boulder substrate records per site 
%co percentage of cobble substrate records per site 
%gr Percentage of gravel substrate records per site 
%sa Percentage of sand substrate records per site 
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%si Percentage of silt substrate records per site 
%so Percentage of soil substrate records per site 
%cl Percentage of clay substrate records per site 
%mu Percentage of muck substrate records per site 
%de Percentage of detritus substrate records per site 
%wo Percentage of wood substrate records per site 
%ot Percentage of other substrate records per site 
% pool Percentage of pool macrohabitat records per site (streams only) 
% riffle Percentage of riffle macrohabitat records per site (streams only) 
% run Percentage of run macrohabitat records per site (streams only) 
% soft/small present Percentage of soft/small sediment present per site (streams only) 
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Table 3. Historic, 1997-2000, 2010-2011, and 2016 collections of Topeka shiners in HUC 10’s of the 
Boone River Watershed. Percent decline is the proportion of the number of HUC 10’s where Topeka 
shiners were not found to the total number of HUC 10’s in the historic range. 
    Topeka Shiners Collected   
HUC 101 HUC8 Historic 1997-2000 2010-2011 2016 Status 
Lower Boone River Boone Yes Yes No No At Risk 
Middle Boone River Boone Yes Yes No No At Risk 
White Fox Creek Boone Yes No No No Possibly Extirpated 
Eagle Creek Boone Yes Yes Yes2 Yes Stable 
Otter Creek Boone Yes No No  TBD 
Prairie Creek Boone Yes Yes No Yes2 Possibly Stable 
Percent Decline     33% 83% 50%   
2 Evidence of reproduction noted during sampling - presence of young-of-year Topeka shiners. 
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 Figure 1A. Example of site layouts and transect positions of stream sites (red lines) and oxbow sites 
(blue lines). 
 
Figure 1B. Width measurements (m) are taken at each transect (red line). 
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 Figure 1C. Depth (m), velocity (m/sec), and substrate type are recorded at each blue dot. 
 
Figure 1D. Bank angle (°) and estimated bare bank (%) are recorded at each purple dot. 
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 Figure 1E. Canopy Cover is measured at each grey dot. 
 
Figure 1F. Fish cover type and estimated density are recorded around each transect line (yellow area). 
17 
 
 Figure 1G. Macrohabitat type, thalweg depth and presence of soft/small sediment are recorded at each 
mini-transect line (pink dashed line) and each transect line (red line). 
 
Figure 1H. Riparian vegetation type and estimated densities are recorded at the canopy (>5m), 
understory (0.5-5m), and ground cover (<0.5m) levels at transects 1, 5, and 10 for stream sites in the 
yellow areas. 
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 Figure 2. 2016 stream and oxbow sampling sites in the BRW showing Topeka shiner presence (green) 
and absence (red) 
19 
 
Figure 3. Logistic regression probability curves (left column) and Wilcoxon rank sum test boxplots (right 
column) for habitat variables in which both tests produced a p-value<0.05. In logistic regression figures 
0=Topeka shiner(s) absent, 1=Topeka shiner(s) present along y-axis. Results grouped by site type. 
Combined sites 
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Figure 3. Logistic regression probability curves (left column) and Wilcoxon rank sum test boxplots (right 
column) for habitat variables in which both tests produced a p-value<0.05. In logistic regression figures 
0=Topeka shiner(s) absent, 1=Topeka shiner(s) present along y-axis. Results grouped by site type. 
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Appendix – Relationship of this project to Nick Simpson’s thesis project 
Nick Simpson will use data collected under this project from the BRW as well as similar data from the 
North Raccoon River Watershed and the Rock River Watershed from a concurrent stream fish project at 
Iowa State University in his thesis analysis. Nick’s thesis addresses the following objectives: 
1. Assess the presence and abundance of Topeka shiners in streams and associated oxbows in the 
Boone River, North Raccoon River, and Rock River Watersheds.  
2. Evaluate biotic and abiotic characteristics of oxbows and streams and their association with the 
presence of Iowa’s stream fish Species of Greatest Conservation Need.  
3. Assess the effect of the oxbow restoration process on fish assemblages. 
By addressing these broader objectives, we aim to contribute the best possible information to BRW 
stakeholders to help inform their decisions. For the purposes of this annual report, only the results 
obtained from BRW in 2016 sampling was included. 
 
 
26 
 
